Previous studies have repeatedly shown verbal intelligence deficits in adolescent antisocial individuals, but it is not known whether these deficits are in place prior to kindergarten or, alternatively, whether they are acquired throughout childhood. This study assesses whether cognitive deficits occur as early as age 3 years and whether they are specific to persistently antisocial individuals. Verbal and spatial abilities were assessed at ages 3 and 11 years in 330 male and female children, while antisocial behavior was assessed at ages 8 and 17 years. Persistently antisocial individuals (N = 47) had spatial deficits in the absence of verbal deficits at age 3 years compared to comparisons (N = 133), and also spatial and verbal deficits at age 11 years. Age 3 spatial deficits were independent of social adversity, early hyperactivity, poor test motivation, poor test comprehension, and social discomfort during testing, and they were found in females as well as males. Findings suggest that early spatial deficits contribute to persistent antisocial behavior whereas verbal deficits are developmentally acquired. An early-starter model is proposed whereby early spatial impairments interfere with early bonding and attachment, reflect disrupted right hemisphere affect regulation and expression, and predispose to later persistent antisocial behavior.
. A closer look at this dren. Feshbach and Price (1984) found no relationship between verbal IQ and aggression older literature indicates that antisocial groups do not have the intact spatial functions that in kindergarten children but did find a significant relationship between low spatial IQ and they are commonly believed to have and that evidence for spatial deficits has been over-increased aggression in these children. These latter findings are not consistent with the looked. For example, Berman and Siegal (1976) found a verbal-performance IQ deficit claim that verbal deficits are primary in the etiology of delinquency and that spatial defi-in juvenile delinquents, but they found not only a significant 8-point reduction in spatial cits play little if any role (Wilson & Herrnstein, 1985) . Indeed, if anything, these studies IQ in delinquents compared to controls but also that performance IQ makes a more pow-on 3-year-olds suggest that poor spatial ability represents an early correlate of antisocial be-erful contribution in predicting group membership than verbal IQ. Similarly, Virkkunen havior. Findings from these studies may differ from those of institutionalized juvenile delin-and Luukonen (1977) found significant reductions in both spatial and verbal IQ in indi-quents which emphasize verbal deficits because (a) they are unselected, community samples as viduals with antisocial personality disorder compared to controls with other personality opposed to institutional samples; and (b) IQ is being measured much earlier in life when it disorders. More recent studies also provide evidence for the existence of spatial deficits is less confounded by the effects of leading a delinquent way of life. in antisocial groups. The criminal offspring of criminal fathers show equivalent spatial and
Other studies on children have also found visuospatial deficits early in life in antisocial verbal IQ deficits compared to noncriminal controls (Kandel et al.,1988) . Frost, Moffitt, individuals which are equal or greater than verbal deficits at the same age. Lipsitt, Buka, and McGee (1989) show that boys with conduct disorder compared to nondisordered boys and Lipsitt (1990) found a 3.1-point deficit in verbal IQ at age 7 years in children who went have a 9.4-point performance IQ deficit compared to a 6.0-point verbal IQ deficit, while on to became juvenile delinquents, compared to a 4.6-point deficit in spatial IQ. Richman Moffitt and Silva (1988) find that delinquents, irrespective of whether they have been caught et al. (1982) observed an 11-point decrement in persistently antisocial boys in verbal IQ by the police or not, have similar deficits in verbal IQ (approximately 6 points) and per-compared to a 13-point spatial deficit. Loney, Frick, Mesha, and McCoy (1998) found that formance IQ (approximately 5 points) compared to nondelinquents. In this light, it is not children (age 6-13 years) with severe conduct problems who also show callous and unemo-too surprising that a recent meta-analysis of executive functions in antisocial behavior tional traits (i.e., more psychopathic-like children) do not show a verbal IQ deficit and in-found the strongest effect size (d = .80) for a visuospatial measure (mazes) and the weakest stead showed a trend towards a spatial IQ deficit. Dietz, Lavigne, Atrend, and Rosen-effect size (d = .26) for a verbal measure (word fluency; Morgan and Lilienfeld, 2000) . baum, (1997) , in a study of 2-to 5-year-olds, found that performance IQ as well as verbal Similarly, the few longitudinal studies starting in preschool years tend to find more IQ were related to externalizing behavior problems. Speltz, DeKlyen, Calderon, Green-evidence for spatial than verbal deficits in antisocial children from community samples. berg, and Fisher (1999) found that boys with early onset conduct disorder compared to con-While Stattin and Klackenberg-Larsson (1993) did find early language deficits to be predic-trols score more poorly on performance as well as verbal IQ and have visuomotor as well tive of criminality, Moffitt (1990) reported visuomotor deficits at age 3 years as charac-as verbal neuropsychological impairments at age 4-5 years. Owens, Shaw, and Giovannelli teristic of persistently antisocial behavior. Similarly, Richman, Stevenson, and Graham (1982) (2001) found both verbal and spatial IQ deficits in 5-year-old boys from low income fami-found that spatial but not verbal deficits at age 3 years characterize persistently antisocial chil-lies with both externalizing and attention problems. Taken together, these findings sug-Findings on spatial deficits may have been minimized in previous studies because there gest that the current literature may be mistaken in ignoring the role of early spatial defi-is currently no model to explain why such deficits should predispose to antisocial behav-cits in the etiology of antisocial behavior.
One possible resolution to these conflicting ior. An early-starter spatial impairment model of antisocial behavior based on spatial deficits findings lies in the concept of life-course persistent antisocial behavior. Moffitt (1993a) proposed here suggests that early visuospatial (right hemisphere) impairments can predis-has argued that neuropsychological and cognitive deficits are specific to "life-course per-pose to persistent antisocial behavior by interfering with early attachment and emotion sistent antisocial individuals," (i.e., those who both show antisocial behavior early in life and recognition and regulation. Recent regional cerebral blood flow research on infants and continue to show it up to age 18 years) but not those who are transiently antisocial. Thus, young children has shown that the right (not left) hemisphere is dominant from 1 to 3 years the reason why Moffitt (1990) found that nonverbal deficits (poor motor coordination) as (Chiron et al., 1997) , a finding consistent with the notion that right hemisphere dominance early as age 3 years predicted antisocial behavior at age 15 years may be that the chil-regulates nonverbal orienting, attention, arousal, and emotional processes that are in evolution-dren were defined as life-course persistent antisocial individuals. This possibility receives ary terms essential for survival in the preverbal infant (Saugstad, 1998) . Right hemisphere support from an earlier study by Richman et al. (1982) , who found that while IQ at age 3 dominance for facial recognition has been found as early as 4 months (De Schonen & years did not predict to antisocial behavior at age 8 years, boys who were categorized as Deruelle, 1991), while the right posterior hemisphere plays a crucial early role in medi-having behavior problems at age 3 years and also classified at age 8 years as having "anti-ating affective facial expression in infants (Reilly, Stiles, Larsen, & Trauner, 1995) ; social disorder" (N = 27) had significantly lower visuospatial ability (but not verbal abil-compromising of these systems would be expected to impair both the infant's orienting to ity) at age 3 years compared to boys who had behavior problems at age 3 years but who de-and recognition of its mother's facial expression and in turn to limit the infant's reciprocal sisted from antisocial behavior at age 8 years (N = 14). Thus, this study suggests that boys expressive response to the mother. In transactional terms (Hinshaw & Anderson, 1996) this who show continuity in antisocial behavior (at least throughout childhood) are characterized could elicit more negative parenting from the mother with the combined effects leading to by spatial but not verbal deficits as early as age 3 years. Similarly, persistent delinquents disruption of early mother-infant bonding and attachment, which in turn can predispose who had committed delinquent acts for the previous 4-5 years were found by Yeudall, to affectionless, psychopathic-like behavior (Raine, 1993) . At a later age, right hemi-Fromm-Auch, and Davies (1982) to show right (not left) hemisphere neuropsychologi-sphere dysfunction may contribute to social information processing deficits that predis-cal impairments, again indicating the potential importance of taking persistency of antisocial poses to antisocial behavior (Dodge, 1991) .
For example, right hemisphere deficits are as-behavior into account. Persistent antisocial individuals may therefore be especially likely sociated with reduced ability to recognize both negative facial emotions, including an-to show early cognitive deficits (although see Aguilar, Sroufe, Egeland, & Carlson, 2000, ger and fear (Adolphs, Damasio, Tranel, & Damasio, 1996 ; Borod, St. Clair, Koff, & Al-for one recent failure to observe any early neuropsychological deficits in early childhood pert, 1990) , and fear in prosodic information (Schmitt, Hartje, & Willmes, 1997) . Inability in persistent antisocial individuals, and Heller, Baker, Henker, & Hinshaw, 1996 , for a fail-by the growing child to accurately process and recognize signals of negative affect, such ure to obtain any link between preschool IQ and externalizing problems in first grade).
as anger and fear in a protagonist during a fractious social encounter, could contribute to into account test-taking confounds such as poor attention, restlessness, and motivation inappropriate responding and escalation into an aggressive response. Thus, early visuospa- (Lynam et al., 1993; Speltz et al., 1999) . Consequently, the current study also set out to tial deficits may interfere with mother-infant bonding and reflect right hemisphere dysfunc-assess the role of social adversity and test behavior as potential mediators in any cogni-tion that disrupts emotion processing and regulation, which in turn contributes to life-course tive-antisocial relationship. antisocial and aggressive behavior.
The present study set out to contribute to Method the growing developmental literature on antisocial behavior by measuring verbal and spa-Participants tial abilities at ages 3 and 11 years in persis-Participants consisted of a subsample of 330 tently antisocial individuals (those who are participants (177 male, 153 female) who were antisocial throughout childhood and adolesderived from a larger sample of 1,795 chilcence) and comparisons. Persistently antisodren from the island of Mauritius, a small cial individuals in particular should have vertropical country lying in the Indian Ocean bebal IQ and reading deficits at age 11 years tween Africa and India. These participants compared to well-behaved comparisons, as is consisted of all those with complete data from strongly suggested by the literature in general the four test phases (ages 3, 8, 11, and 17 and Moffitt's life-course persistent theory in years) that form the focus of this study. 1 All particular. If deficits in verbal skills are prichildren born in 1969 in two towns on the mary in the etiology of antisocial behavior, island were originally recruited into the study these deficits at age 11 years should also be when age 3 years between September 1972 prefaced by verbal ability deficits at age 3 and August 1973. The larger sample consisted years but not by spatial deficits at this age. of males (51.4%) and females (48.6%) and Conversely, spatial but not verbal deficits at with ethnic distribution as follows: 68.7% Inage 3 years would raise a serious question dian, 25.7% Creoles (African origin), and 5.6% against conventional accounts of cognitive others (Chinese, English, and French). Due to deficits in conduct-disordered behavior but the small number of Chinese, English, and would support a key assumption of the spatial French in the subsample, these groups were deficits early starter model of antisocial bedropped from analyses below, which were havior. While hypothesis testing is focused on based on the two predominant ethnic groups comparisons between persistently antisocial of Indians and Creoles. Informed consent was individuals compared to nonantisocial comobtained from the mothers of the participants. parisons, performance of other groups of tran-A full list of variables administered to the parsiently antisocial individuals (childhood limticipants across age levels is given in Table 1 , ited and adolescent onset antisocial individuals) while recent findings from the Mauritius Child are also included for exploratory purposes.
Health Project of relevance to antisocial behav-A final important issue concerns the role ior may be found in Raine, Reynolds, Venables, of mediating factors. While some studies of and Mednick (1997), Raine, Reynolds, Venjuvenile delinquents and criminals have demables, Mednick, and Farrington (1998), Raine, onstrated IQ deficits after controlling for so-Venables, and Mednick (1997), and Scerbo, cial adversity (Lynam, Stout-Raine, Venables, and Mednick (1995). hamer-Loeber, 1993; Rutter et al., 1998) , social adversity has rarely if ever been con- Formation of antisocial groups following items: "truants from school," "often destroys own or others belongings," "frequently fights with other children," "irritable Antisocial behavior was assessed at age 8 years by teachers using the Childrens Behavior Ques-and quick to 'fly off the handle'," "is often disobedient," "often tells lies," "has stolen tionnaire (CBQ; Rutter, 1967; Venables et al., 1983) and at age 17 years by parents, teachers, things on one or more occasions," and "bullies other children." The 39 items of the com-or employers 2 using the combined conduct disorder (CD) and socialized aggression (SA) bined CD and SA scale of the RBPC had an alpha of 0.89 (M = 9.23, SD = 9.09, range subscales of the Revised Behavior Problem Checklist 3 (RBPC; Quay & Peterson, 1987). 0-60).
Males in Mauritius were comparable to 12-Both were scored using same-gender norms. The eight-item Antisocial Behavior scale from to 16-year-olds rated by their parents from Dade County, Florida, on both CD (Ms = the CBQ had an α of 0.83 (M = 1.47, SD = 2.31, range 0-11) and was comprised of the 7.76, 7.06, respectively) and SA scales (Ms = 2.20, 1.33, respectively) of the RBPC as indicated in the RBPC manual (Quay & Peterson, 2. The source of the RBPC data was as follows: parents (N 1987). Similarly, females in Mauritius and = 127), teachers (N = 146) and employers (N = 57). The Dade Country scored at a similar level for source from which the RBPC data were derived did not moderate the age 3 years cognitive data, F (6, 318) = both CD (Ms = 7.74, 7.02, respectively) and 1.54, p = .162, or the age 11 years F (12, 636) = 0.06, SA (1.88, 1.61, respectively). For the CBQ, p = .64, cognitive data. In addition, entering source as somewhat higher proportions of Mauritian a covariate did not abolish the group effect for either males (29.6%) and females (23.7%) scored age 3 years F (3, 325) = 3.21, p = .023, or age 11 years above Rutter's cutoff of 9 on the CBQ as com-F (6, 650) = 2.62, p = .016, cognitive data. 3. Initial findings of adult criminal data collected so far pared to his normative sample of 9-to 13-yearshow that those with a criminal record by their late 20s old males (9.7%) and female (4.5%) school-(N = 46) have significantly higher scores on the RBPC children from Aberdeen; these Mauritian rates antisocial measure (M = 12.43) than those without a are much lower however than 9-to 13-year-old criminal conviction (N = 560, M = 9.37, t = 2.2, p < males (77.9%) and females (67.5%) attending .03), indicating some degree of validity for the age 17 years rating. psychiatric clinics in Aberdeen (Rutter, 1967) .
Four discrete groups were formed on the 0.99, df = 1450, p > .32), age 11 years verbal ability (t = 1.37, df = 1259, p > .17), age 11 basis of whether participants fell into the top 33% cutoffs on either the age 8 or age 17 years spatial ability (t = 0.80, df = 1259, p > .44), age 8 years antisocial behavior (t = 0.1, years antisocial measures. Comparisons (N = 133; 40.3% of total sample, 54% male, 82% df = 1067, p > .99), and age 17 years antisocial behavior (t = 1.1, df = 604, p > .27). Con-Indian) were defined as those who did not fall into the top 33% of scores at both ages 8 and sequently, the subsample was representative of the larger sample on these measures. 17 years. The childhood-limited antisocial group (N = 90, 27.3% of total sample, 60% male, 69% Indian) were defined as those who
Intelligence and cognitive ability at ages were in the top 33% of scorers at age 8 years 3 and 11 years but not at age 17 years. The adolescent-onset group (N = 60, 18.2% of total sample, 53% male, 78% Indian) were in the top 33% of Age 3 years. Measures of verbal and spatial cognitive ability were derived from subtests scorers at age 17 years, but not age 8 years. The persistently antisocial group (N = 47, of the Boehm Test of Basic Concepts-Preschool Version (Boehm, 1986) . This test is 14.2% of total sample, 64% male, 57% Indian) fell into the top 33% of scores at both designed to assess children's ability to grasp basic verbal and spatial concepts that are fun-ages 8 and 17 years. Means and standard deviations for the four groups on the age 8 and damental for early school achievement. The type of abilities and concepts that are mea-17 years antisocial behavior measures were as follows: of the Boehm on 3-year-olds indicated that some changes in format were necessary. In Groups differed on ethnicity (χ 2 = 11.7, df = 3, p < .009), with Creoles more likely than addition to pilot tests in the laboratory, visits were made to the homes of children to ob-Indians to be classified as persistently antisocial. There was also a trend for group differ-serve them in a more natural context. This piloting led to minor modifications of the test ences on sex (χ 2 = 6.7, df = 3, p < .09), with more males in the persistently antisocial for use with Mauritian children. For example, sugarcane sticks were used for judgments of group. Consequently, sex and ethnicity were entered as factors in analyses below to assess length (Mauritius has a predominantly sugarcane-related economy), local rocks were used for any moderating effect of these demographic variables on cognitive outcome.
for judgments of size, pictures of Mauritian children were used for identification of body To assess whether this population of 330 was representative of the initial population parts of children, and a tea set was used to assess ability to follow directions (tea drink-(N = 1,795), comparisons were made between those contained in the study and the rest of ing is ubiquitous in Mauritius).
The modified test had 6 components: (a) the sample on cognitive, antisocial, and demographic measures. Groups did not differ on block assembly (making constructions from blocks; e.g., bridge, circle, tower), (b) copying sex (χ 2 = 0.5, p > .46), race (χ 2 = 1.4, p > .23), social adversity (t = 0.9, df = 1793, p > shapes (copying circle, triangle, and square), (c) information (identifying body parts, pictures .36), age 3 years verbal ability (t = 0.3, df = 1385, p > .76), age 3 years spatial ability (t = of boys and girls), (d) number-size-length concepts (simple numeric ability, size and and "picture completion" formed an estimate of spatial IQ. length discriminations), (e) color concepts (naming and pointing to different colors), and (f) classification (making discriminations be-Scholastic ability and reading ability tween same or different objects). Many of at age 11 years these abilities parallel cognitive skills found in the Wechsler Preschool and Primary Scale Reading ability was assessed at age 11 years of Intelligence (WPPSI; Wechsler, 1967) , for using the Holborn Reading Scale (Pumfrey, example, copying shapes and "geometric de-1985) . This word-recognition test consisted of sign," same-different discriminations and "sim-33 sentences of increasing difficulty. Total ilarities." Consequently, scale construction iniscores (number of sentences correctly read) tially followed a face validity approach to form were standardized into reading quotients. This indices of verbal and spatial ability. Each scale reading measure correlated 0.54 with verbal was first normalized by transforming the raw IQ (see Table 2 ). scores to percentiles and then finding the stan-
The measure of scholastic ability was dard score for each percentile (Allen & Yen, based on scores on four standardized aca-1979). Scales were then standardized to have a demic tests (Certificates of Primary Educamean of 10 and standard deviation of 3. tion), which were given to all 11-year-old Two of the scales (block assembly and children throughout the country: English, copying shapes) were spatial-constructional French, mathematics, and environmental studin nature and were similar in nature to the ies. Scores on these tests (graded 0-5) were block design and geometric design spatial summed to form an overall index of scholastic tests of the WPPSI. These tests were summed ability. The correlation between scholastic and further standardized to a mean of 100 and ability and reading ability was r = .69, N = a standard deviation of 15 to form an index 1094, p < .0001. Intercorrelations between of age 3 years spatial ability. The remaining scholastic ability and reading scores and cogsix scales were verbal in nature. Some innitive ability measures at age 3 and 11 years volved a verbal response (e.g., picture conare shown in Table 3 . tent, numbers) while others required verbal comprehension and knowledge of the names Social adversity of objects (information). Several of the Boehm verbal tests had parallels with WPPSI verbal tests (e.g., information and Information, clas-Social adversity at age 3 years. The age 3 years social adversity index was based on sification and Similarities, number-size-length and Arithmetic). These subscales were summed nine variables collected by social workers who visited the homes of the children at age and standardized in the same way as the spatial tests to form an index of age 3 years ver-3 years. The index was created along lines similar to those described by Rutter (1978) bal ability. This face validity approach to scale construction was followed up with con-and Moffitt (1990) . A total adversity score was created by adding 1 point for each of the firmatory factor analyses (see below).
following nine variables: father uneducated (no schooling, 30.0%), mother uneducated (no Age 11 years. Estimates of verbal and spatial IQ were assessed at age 11 years using seven schooling, 29.4%), semiskilled or unskilled occupation (occupational status 3 or less on an subtests of the Wechsler Intelligence Scale for Children (WISC; Wechsler, 1967) . Raw scores 8-point occupational scale: 0, unemployed;4 , factory worker; cook;8 ,academic, head of on the WISC subscales were normalized and standardized in the same way as the age 3 large business; 55.5%), teenage mother (age 19 years or younger when child was born, years scales. "Similarities" and "digit span" formed an estimate of verbal IQ, while "block 14.2%), single-parent status (2.1%), separation from parents (orphaned or raised by sub-design," "object assembly," "coding," "mazes," stitute mother, 0.9%), large family size (sib-crowded home (five or more family members per house room, 12.1%). Scores ranged from ling order fifth or higher by age 3 years, 30.0%), poor health of mother (coded 1 on a 3-point 0 to 6 (M = 2.04, SD = 1.61). scale: 3, above average;2 ,average;1 ,below average; 3.3%), overcrowded home (five or Sustained childhood adversity. An index of sustained social adversity throughout child-more family members per house room, 28.8%). Scores ranged from 0 to 7 (M = 1.94, SD = hood (ages 3 to 11 years) was created by computing the product of the age 3 years and age 1.39).
11 years adversity indices. High scores on this index indicated relatively high adversity at both Social adversity at age 11 years. The age 11 years social adversity index was based on 14 ages, low scores indicated low adversity at both ages, and medium scores indicated moderate or variables collected by social workers who visited the homes of the children at age 11 years. unstable adversity throughout childhood. A total adversity score was created by adding 1 point for each of the following 14 variables: Behavioral ratings during testing living in rented accommodation (20.7%), at age 3 years house without electricity or water (15.6%), child has neither good toys nor good books During cognitive testing at age 3 years the experimenter rated components of the child's (35.7%), no television (22.5%), living in poor housing (24.7%), father uneducated (30.0%), behavior using 4-point scales for the following five behaviors. Each of these behaviors were mother uneducated (29.4%), parent psychiatrically ill (4.0%), parent physically ill (2.0%), a potential confound, as they were each significantly related to age 3 years cognitive abil-teenage mother (age 19 years or younger when child was born, 14.2%), single-parent status ity as follows: attention-distraction, F (6, 636) = 3.62, p = .002; activity level, F (6, 636) = (8.3%), separation from both parents (1.1%), five or more siblings (30.7%), and over-2.6, p = .017; motivation, F (6, 636) = 12.73, Table 3 . It can be seen Confirmatory factor analysis (CFA) was employed to assess whether the two-factor (ver-that the age 3 years spatial measure correlated .24 with the age 11 years spatial IQ measure, bal-spatial) model derived from the face validity approach (a) was a significantly better while the age 3 years verbal measure correlated .25 with the age 11 years verbal IQ fit to the data than a one-factor (general cognitive ability) model and (b) provided a good measure. Age 3 years verbal ability correlated significantly with age 11 years reading ability. fit to the data. The intercorrelation matrix for the six verbal and spatial subtests is given in Both verbal and spatial ability at age 3 years measures predicted to scholastic ability at age Table 2 . The two-factor verbal-spatial model was a significant improvement in fit com-11 years. Age 3 years verbal ability correlated with a rating of the amount of verbalizations pared to the one-factor model, χ 2 (1) = 34.79, p < .0001. Fit indices together with factor the child made to the experimenter at age 3 years (Raine et al., 1998) , while age 3 years loadings for the two-factor model are shown in Table 4 and indicate a strong fit, with fit spatial ability correlated significantly with a measure of motor ability (jumping, hopping, indices exceeding .90 and the root meansquare error of approximation falling below balancing on one foot) at age 3 years. Data from 73 subjects who were given the Reynell .10.
The two subcomponents of the age 3 years Developmental Language Scale (Reynell & Huntley, 1972) at age 6 years show a .36 cor-spatial measure correlated significantly with age 11 years spatial IQ (range .22-.25, p < relation (p < .002) with the age 3 years verbal ability measure compared to a .25 correlation .0001). Similarly, all subcomponents of the (p < .005) with the spatial age 3 years mea-nificantly lower age 3 years spatial ability than both comparisons (t = 2.7, df = 178, p < sure (p < .025); while the difference between these two correlations in not statistically sig-.007, d = 0.46) and adolescent-onset offenders (t = 2.3, df = 135, p < .02, d = .48). nificant due to the modest sample size, the verbal age 3 years measure predicts twice the At age 11 years, there was a significant main group effect for verbal IQ, F (3, 326) = 5.3, p < amount of variance in age 6 years language than the spatial age 3 years measure. Not .001, but not for spatial IQ, F (3, 326) = 2.0, p < .11. A breakdown of verbal IQ showed given in Table 4 is the intercorrelation between age 3 years total cognitive score (verbal that persistently antisocial individuals had lower age 11 years verbal IQ than both com-+ spatial) and age 11 years estimated total IQ, which was .30 (N = 969, p < .0001). This lat-parisons (t = 3.8, df = 178, p < .0001, d = 0.65) and childhood-limited individuals (t = ter correlation is modest but in keeping with the facts that (a) IQ does not stabilize until 2.3, df = 135, p < .03, d = 0.42), while in addition adolescent-onset antisocial individuals later childhood and correlations between early cognitive ability and later IQ are relatively scored lower than comparisons (t = 2.5, df = 191, p < .02, d = 0.38; see Figure 2 ). An a small (Gottfried, Gottfried, Bathurst, & Guerin, 1994) and (b) different cognitive mea-priori comparison of spatial ability showed significantly lower spatial ability in the persis-sures were used in the age 3 and 11 years test sessions.
tently antisocial group than in comparisons (t = 2.5, df = 178, p < .02, d = 0.42), but the Coefficient alpha at the subtest level for the verbal scale was .66. Coefficient alpha at persistently antisocial and adolescent-onset groups did not differ significantly on verbal the subtest level for this spatial scale was 0.46. Age 3 years verbal ability correlated sig-IQ (t = 1.23, df = 106, p > .22, d = 0.24). nificantly with age 3 years spatial ability (r = .41, N = 1,387, p < .0001).
Scholastic attainment and reading ability at age 11 years Results
For the overall measure of scholastic ability, there was a main effect of group, F (3, 287) = Intelligence and persistently 4.0, p < .008, with post hoc tests indicating antisocial behavior lower scores compared to comparisons for persistently antisocial individuals (t = 3.3, df = To assess the main research question of whether the persistently antisocial group have 159, p < .0001, d = 0.61) and adolescent-onset antisocial individuals (t = 2.0, df = 171, p < cognitive deficits, all cognitive measures were entered into a multivariate analysis of vari-.05, d = 0.34; see Figure 3 ). However, these two antisocial groups did not differ signifi-ance (MANOVA). In order to test exploratory questions and to assess on which specific cantly (t = 1.27, df = 93, p > .21, d = 0.26).
Group differences on age 11 years reading measures groups differ, one-way analyses of variance (ANOVAs) were also conducted. The ability were marginally significant, F (3, 326) = 2.6, p < .052. An a priori comparison showed MANOVA showed a main effect of group, F (12, 975) = 2.0, p < .02, indicting overall that persistently antisocial individuals have lower reading ability than Comparisons (t = group differences in cognitive ability.
One-way ANOVAs were conducted on 2.7, df = 178, p < .007, d = 0.46). each of the four cognitive measures (verbal and spatial ability at ages 3 and 11 years). At Sex and ethnicity age 3 years, there was no main group effect on verbal ability, F (3, 326) = 0.3, p > .89, Although no sex or race interactions were predicted, the above omnibus MANOVA was re-but there was a main group effect for spatial ability, F (3, 326) = 3.4, p < .02 (see Figure peated with sex and ethnicity entered as factors in order to explore possible moderating 1). Persistently antisocial individuals had sig- effects of these variables. There were no inter-with a trend also for differences on sex (see Methods section), these factors do not moder-actions between sex and group (p > .88) or between ethnicity and group (p > .89). In ad-ate persistently antisocial-cognitive relationships. In particular, the effect size for the dif-dition, the three-way Group × Sex × Ethnicity interaction was nonsignificant (p > .63). Al-ference between the persistently antisocial group and comparisons were very similar for though antisocial groups differed on ethnicity, (p > .39); for 25% cutoff, N = 16 for persis-and females, respectively, for age 3 years spatial ability, .52 and .58 for age 11 years spatial tently antisocial individuals, spatial d = 0.54 (p < .032), verbal d = 0.10 (p > .70); for 15% ability, and .68 and .71 for age 11 years verbal ability). cutoff, N = 11 for persistently antisocial individuals, spatial d = 0.85 (p < .006), verbal d = 0.094 (p > .74). Results indicate that the Different cutoffs for defining persistent key finding is not a function of the cutoff antisocial group used, although they suggest the possibility that a stronger effect size for age 3 years spa-Different cutoffs (50%, 33% 25%, 15%) were used to define groups to assess whether the tial (but not verbal) ability may be observed in future studies with larger sample sizes em-key finding (early spatial but not verbal deficits in persistently antisocial individuals) ploying a more extreme cutoff. changes as a function of cutoff. The resulting effect size (d) for persistently antisocial ver-Possible artifactual explanations of the sus comparison differences for age 3 years IQ-persistently antisocial relationship verbal and spatial ability, sample size of the persistently antisocial group, and statistical Persistently antisocial individuals compared to well-behaved comparisons have lower age significance for each cutoff (including the 33% cutoff used in the study) are as follows: 3 years spatial ability and lower age 11 years verbal IQ, spatial IQ, and school performance. for 50% cutoff, N = 67 for persistently antisocial individuals, spatial d = 0.51 (p < .0001), Are these relationships artifactual? We tested a number of hypotheses in which possible me-verbal d = 0.14 (p > .36); for 33% cutoff, N = 47 for persistently antisocial individuals, diators were entered as covariates in analyses of covariance (ANCOVAs) with comparisons of the persistently antisocial group to understand test directions. The group difference re-versus persistently antisocial individuals as the independent variable and cognitive ability as mained significant, F (1, 172) = 9.7, p < .002, with a slight increase (8.1) in the group differ-the dependent variable. We also controlled for several age 3 years behavioral measures to as-ence. Age 3 years test motivation was also entered as a covariate to test the hypothesis sess whether poor performance on age 3 years spatial tests in the persistently antisocial group that poor age 3 years spatial performance in the persistently antisocial group was due to could in some way be a function of factors such as early hyperactivity, poor comprehension of poor motivation. The group difference remained significant, F (1, 172) = 8.9, p < .003, with the test instruction, low test motivation, or being ill at ease with the experimenter at this age.
group difference (7.7) being almost unchanged. Finally, ease of the child's relationship was After controlling for the effects of social adversity at age 3 years, group differences re-entered as a covariate to assess whether lower spatial scores in the persistently antisocial mained significant for age 3 years spatial ability, F (1, 177) = 7.3, p < .007, age 11 years ver-group could be due to social discomfort. The group difference remained significant, F (1, bal ability, F (1, 177) = 14.9, p < .0001, age 11 years spatial ability, F (1, 177) = 6.5, p < 172) = 9.9, p < .002, with a slight increase in the group difference (8.1). .02, age 11 years school performance, F (1, 158) = 11.8, p < .001, and age 11 years reading ability, F (1, 177) = 7.5, p < .007. To as-Prediction of persistently antisocial behavior sess whether sustained social adversity throughout childhood could explain cognitive deficits In order to assess whether cognitive deficits predict persistent antisocial behavior over and at age 11 years (particularly age 11 years verbal deficits that were not present at age 3 years), above demographic variables, ethnicity, sex, and social adversity, measures were entered the measure of sustained social adversity was entered as a covariate. Group differences re-in the first block of a logistic regression in the prediction of persistently antisocial versus mained significant for age 11 years verbal ability, F (1, 170) = 10.5, p = .001, age 11 comparison group membership using forward entry and the Wald chi square. These mea-years school performance, F (1, 153) = 9.6, p = .002, and age 11 years reading ability, F (1, sures explained 17.1% of the variance in group membership (Nagelkerke statistic). On 170) = 4.3, p = .04. The group difference for age 11 years spatial ability was rendered mar-the second block, age 3 years and age 11 years cognitive measures were entered. Both ginally significant, F (1, 170) = 2.8, p = .095, with the size of the original group difference age 3 years spatial ability (χ 2 = 7.47, df = 1, p < .007) and age 11 years school perfor-reduced slightly from 6.21 to 5.68.
To assess whether group differences in mance (χ 2 = 12.2, df = 1, p < .0005) significantly predicted group membership over and early hyperactivity-attention deficit were in place by age 3 years and could account for above demographic measures and doubled the explained variance in group membership from group differences on age 3 years spatial ability, the two groups were compared on two 17.1 to 33.3%. Alternatively, age 3 years verbal ability (p > .85), age 11 years verbal IQ early behavioral signs of hyperactivity (attention-distraction and movement) measured dur-( p > .11), age 11 years spatial IQ (p > .87), and age 11 years reading ability (p > .12) all ing age 3 years cognitive testing. After entering these two covariates, the group difference on failed to significantly increased variance in group membership. spatial ability remained significant, F (1, 171) = 10.4, p < .002, with the difference in spatial ability increasing slightly from 8.0 to 8.3.
Discussion The rating of receptive linguistic ability taken during age 3 years testing was entered A large cross-sectional literature on cognitive deficits in delinquents and criminals has fu-as a covariate to assess whether age 3 years spatial differences were a function of inability eled the conclusion that verbal but not spatial deficits 4 are of etiological significance to anti-cognitive deficits (Barratt, Stanford, Kent, & Felthous, 1997; Bechara et al., 1997; Kosson, social behavior (Binder, 1988; Moffitt, 1993b; Quay, 1987; Raine, 1993; Rutter et al., 1998; Newman & Schmitt, 1998) , an important question in these studies concerns whether Wilson & Herrnstein, 1985) . Results of this longitudinal study question this conclusion. A these deficits were present early in life and are thus of potential etiological significance, strong version of the verbal deficit hypothesis makes the prediction that verbal cognitive defi-or alternatively whether they are the product of living an antisocial life with its associated cits will be in place as early as age 3 years before the onset of persistent antisocial behav-substance abuse and head trauma. By assessing cognition as early as age 3 years, the cur-ior. Instead, persistently antisocial individuals (whether female or male) were found to have rent study circumvents these important methodological confounds. On the other hand, it significantly lower spatial ability at age 3 years (as operationalized by block assembly and must be recognized that the term "persistent" antisocial behavior in this study is operation-copying shapes) than both comparisons and adolescent-onset antisocial individuals, with nor-ally defined as ranging from 8 to 17 years, and while males predominated in this group, mal performance on verbal ability at this early age. These conflicting findings do not stand a higher than expected percentage (36%) were females. As such, this study should not be alone. Close scrutiny of the few and infrequently cited prospective longitudinal studies construed as a replication of Moffitt (1990) and Moffitt, Caspi, Dickson, Silva, and Stan-based on community samples often fail to find strong support for verbal deficits and, on bal-ton (1996) , and it remains to be seen whether all of these individuals go on to remain persis-ance instead indicate early spatial deficits in antisocial children (Feshbach & Price, 1984 ; tently antisocial over the life course (Moffitt, 1993a) . Lipsitt et al., 1990; Moffitt, 1990; Richman et al., 1982) . Taken together, these findings raise
The finding of early spatial deficits in persistently antisocial individuals is consistent with a question mark against the heavy emphasis on verbal (left hemisphere) deficits as playing the early-starter spatial impairment model of antisocial behavior. Nevertheless, there are two an etiological role in antisocial behavior and instead suggest the possible etiological role of important caveats. First, findings from this study cannot be taken to show that early spa-early spatial (right hemisphere) deficits.
A key finding from this study is that per-tial deficits cause later persistent antisocial behavior. Second, the notion that spatial cog-sistent spatial cognitive deficits are specific to persistently antisocial individuals. While child-nitive deficits in the first 3 years of life can impair bonding assumes that there are links hood-limited and adolescent-onset groups both show cognitive deficits at one age but not an-between cognitive deficits and quality of attachment. This assumption is supported by the other, only the persistently antisocial group showed significant cognitive deficits at ages 3 meta-analysis of 25 studies that show a significant positive relationship between attachment and 11 years. This result in turn supports the hypothesis of Moffitt (1993a) that neurocog-and intelligence (van Ijzendoorn, Dijkstra, & Bus, 1997) , but it should be noted that the link nitive deficits are associated with persistent antisocial offending, and appears to represent between attachment and conduct problems is less well established. Furthermore, the current the only longitudinal study to have assessed early verbal and spatial cognitive deficits at findings do not establish that spatial deficits lead to antisocial behavior via bonding impair-an early age in persistently antisocial individuals. While studies of adult antisocial per-ments, and several other pathways are feasible based on the well-established relationship be-sonality are increasingly finding evidence of tween spatial functions and right hemisphere functioning. First, as noted earlier, spatial def-4. The term "deficit" is used to signify a relative betweenicits may be a marker for right hemisphere group reduction in test scores and does not necessarily signify brain damage or a clinical deficit.
dysfunction that impairs emotion recognition
Age 3 years spatial deficits in persistent antisocials 39 and can lead children to make inappropriate functioning, functioning that is not directly measured in this study. Compelling evidence responses in social encounters, escalating into aggression. from brain imaging studies do, however, support the conclusion from earlier lesion stud-Second, reductions in right hemisphere functioning (particularly the anterior regions) ies that visuospatial, holistic functions are subserved by the right hemisphere (Flitman, have been associated with deficits in the withdrawal system, a system that promotes retreat O' Grady, Cooper & Grafman, 1997; Jonides, Smith, Koeppe, & Awh, 1993; Owen, Milner, from aversive and dangerous situations (Davidson, 1998; Davidson, Eckman, Saron, Senu-Petrides, & Evans, 1996; Smith, Jonides, & Koeppe, 1996; van Horn et al., 1998 ), al-lis, & Friesen, 1990 . Reduced right hemisphere functioning and a consequent weaker though functional specialization of the cerebral hemispheres is by no means absolute. withdrawal system could make children less averse to dangerous, risky situations that in-Furthermore, the type of spatial constructional tasks (drawing and modeling block designs) crease the probability of antisocial behavior. Third, antisocial groups have been consis-used at age 3 years have been found to be compromised in 4-to 5-year-old children who tently found to show poor fear conditioning (Raine, 1993) , and two positron emission to-suffered pre-or perinatal right hemisphere injuries (Stiles, Stern, Trauner, & Nass, 1996 ; mography studies in humans have shown that fear conditioning preferentially activates right Stiles, Trauner, Engel, & Nass, 1997) . In the absence of fMRI studies on 3-year-olds to frontotemporal regions (Furmark, Fischer, Gustav, Larsson, & Mats, 1997; Hugdahl, 1998) . more directly assess right hemisphere functioning, such neuropsychological tasks are like-Consequently, relatively weaker right hemisphere activation would predispose children ly to continue to serve as indirect indicators of right hemisphere functioning for this age to poor fear conditioning, lack of conscience development, and antisocial behavior. Fourth, group.
The significant but modest correlation be-the right hemisphere is viewed as dominant for the processing of pain (Hari, Portin, Ket-tween spatial ability at age 3 years and spatial ability at age 11 years is not surprising given tenmann, Jousmaeki, & Kobal, 1997; Hsieh, Hannerz, & Ingvar, 1996) , and stably aggres-developmental plasticity in growing children, yet such plasticity might dictate that persis-sive individuals show reduced pain thresholds (Seguin, Pihl, Boulerice, & Tremblay, 1996) ; tently antisocial individuals would outgrow their early spatial deficits. Speltz et al. (1999) reduced pain thresholds could make a child less susceptible to socializing punishments. speculated that their young 4-to 5-year-old children with early onset conduct problems may Fifth, fMRI studies in children show that response inhibition tasks activate right hemi-eventually overcome their visuomotor deficits in time. This does not appear to be the case in sphere frontostriatal circuitry (Casey, Castellanos, Giedd, & Marsh, 1997) ; children with the present sample: the persistently antisocial group had spatial deficits at age 11 years that right hemisphere (spatial) impairments would therefore be expected to be more likely to fail were almost as strong (d = 0.42) as spatial deficits at age 3 years (d = 0.46). Early peri-to inhibit antisocial behavioral responses.
When taken together, these five factors natal right hemisphere lesions lead to spatial deficits which are more intractable than the (poorer recognition of affect, poor fear conditioning, reduced pain perception, deficient with-language problems associated with left hemisphere perinatal lesions (Johnson, 1999 ; Stiles, drawal system, and poor response inhibition), especially in combination, could constitute a 1996), and this reduced recovery of function may account for the relative stability of the significant predisposition towards persistent antisocial behavior. Nevertheless, it should be spatial deficit in persistently antisocial individuals. emphasized that spatial ability measures derived here from 3-year-olds are only indirect Results of the logistic regression analyses showed that after accounting for demographic neuropsychological indices of right hemisphere variables (sex, ethnicity, and social adversity), (relative right hemisphere impairment) may reflect disruption to emotion regulation pro-age 3 years spatial ability significantly increased variance explained in predicting persistently cesses that contribute to antisocial behavior, verbal deficits could additionally interfere antisocial versus comparison group membership. In contrast, age 11 years verbal and spa-with the development of language-based mechanisms of self-control and contribute to poor tial ability did not add further to discriminating group membership after taking into account communication skills that result in difficult parent-child relationships and antisocial be-age 3 years spatial ability. These analyses suggest that while persistently antisocial individ-havior (Moffitt, 1993a; Tarter, Hedegus, Winsten, & Alterman, 1984) . Furthermore, spatial uals have lower verbal and spatial ability at age 11 years, these deficits do not predict an-ability in young children is positively correlated with their ability to describe affective tisocial outcome over and above demographic and early spatial deficits. Nevertheless, these states (Speltz et al., 1999) , an ability that is hypothesized to facilitate emotion regulation. findings do not necessarily negate the potential contribution of verbal deficits in predis-Thus, a "double cognitive hit" involving both spatial and verbal processes, of the type seen posing to persistent antisocial behavior. It is possible that these later, developmentally ac-here in the persistently antisocial group by age 11 years, may help explain why a minor-quired verbal deficits may be a result of early spatial deficits and may actively contribute to ity of antisocial children persist in their antisocial behavior. persistent antisocial behavior. Early dysfunction to the right hemisphere could lead to Cognitive deficits in persistently antisocial individuals could not be accounted for by interhemispheric reorganization of functions whereby the left hemisphere, after becoming poor scholastic ability, social adversity, early hyperactivity, poor test motivation, poor test dominant after age 3 years (Chiron et al. 1997) , takes over spatial functions in addition comprehension, or social discomfort during testing. In addition, the possibility that the to its own verbal functions. Such "crowding" of the left hemisphere over time would in-failure to observe verbal deficits at age 3 years may be due to lower reliability or valid-creasingly compromise verbal abilities, while spatial functions which are now more bilater-ity of the verbal measure relative to the spatial measure must be considered, particularly since ally represented become increasingly less compromised. Such a perspective may help ex-there were different numbers of indicators of the verbal and spatial constructs at each age. plain why studies of adolescent delinquents find stronger verbal than spatial deficits.
Four lines of evidence are inconsistent with this alternative scenario. First, coefficient alpha Other lines of evidence lend some support to the view that spatial deficits may contribute for the verbal age 3 years measure (with six subscales) is .76, whereas internal reliability to later verbal deficits. Early right hemisphere damage in children is known to impair lan-for the spatial age 3 years measure (with only two subscales) is only 0.46. Second, as indi-guage and comprehension (Eisele, Lust, & Aram, 1998; Trauner, Ballantyne, Friedland, cated in Table 4 , the verbal age 3 years measure correlated .25 with age 11 verbal IQ, & Chase, 1996) , while children with right hemisphere lesions are more likely than chil-with the spatial age 3 years measure correlating at a similar level (r = .24) with the age 11 dren with left hemisphere lesions to show decrements in verbal IQ over time and show spatial IQ. Third, the age 3 years verbal ability measure is at least as good as the spatial deteriorations in intellectual ability (Aram & Eisele, 1994) . The right hemisphere of chil-age 3 years measure in predicting to reading and school achievement levels at age 11 years dren is more activated than that of adults during verbal fluency as indicated by fMRI, im-(see Table 4 ). Fourth, data from 73 subjects who were given the Reynell Developmental plicating significant involvement of the right hemisphere in this verbal task in children Language Scale (Reynell & Huntley, 1972) at age 6 years show a .36 correlation (p < .002) (Gaillard et al., 2000) . While spatial deficits
